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D ichlorvos (2, 2-dichlorovinyldimethylphosphate, DDVP) belongs to a class of pesticides referred to as organophosphates. It is used to control household and farm pests like mushroom flies, aphids, spider mites, caterpillars, thrips, and white flies [1] . DDVP is marketed as an aerosol and soluble concentrate. Organophosphorus pesticide poisoning is a serious public health concern in developing countries [2] with Nigeria inclusive. Self-poisoning with DDVP pesticide is an important public health concern. Every year, about one million unintentional and two million self poisonings with pesticides occur worldwide, and of these, approximately 200, 000 die [3, 4] . Symptoms and signs of DDVP poisoning include nausea, vomiting, diarrhea, abdominal cramps, headache, dizziness, eye pain, blurred vision, constriction or dilation of the eye pupils, tears, salivation, sweating, and confusion. Severe DDVP poisoning causes slurred speech, loss of reflexes, weakness, fatigue, involuntary muscle contractions, twitching, tremors of the tongue or eyelids, and eventually paralysis of the body extremities and the respiratory muscles [3] . Though atropine and oxime are the main antidotes of organophosphorous poisoning worldwide, but their efficacies have been an issue of debate [4] . Studies to find more effective antidotes for organophosphorus poisoning are in progress. Dichlorvos strongly binds to acetyl cholinesterase (AChE) molecules to form AChE-OP complex. This phosphorylation causes inactivation of the enzyme [5] , accumulation of acetylcholine and subsequent over-activation of cholinergic receptors [6] . Reactivation of AChE can be hastened by nucleophilic reagents [7] . The main toxic action of organophosphorus is as a result of inhibition of the active site of acetylcholinesterase, but some organophosphorus esters can cause a neuropathic anomaly which is not related to acute cholinergic effect [8] but due to interaction of organophosphorus insecticides with activities of membrane ATPases. Nozdrenko et al. [9] reported that chlorpyrifos inhibited Ca
2+
,Mg 2+ -ATPase activity of sarcoplasmic reticulum of skeletal muscle.
The chemistry of magnesium cation in hydrolysis reactions like phosphate ester hydrolysis and phosphoryl transfer [10, 11] , and unwanted effect of gentamicin, an aminoglycoside, as presynaptic neuromuscular blockade inhibiting calcium influx required for exocytosis [12] . The aim of the present study was to investigate the possible benefits of magnesium chloride and gentamicin in organophosphorus poisoning targeting their abilities to interact with substrates and membrane enzymes.
materials and methods

Chemicals and reagents.
Adenosine triphosphate and acetylcholine iodide were obtained from Sigma Chemical Company. DDVP was purchased from Forward (Beihaj) Hepu Pesticide Co. Ltd., Guangx, China. Sodium barbital, potassium dihydrogen phosphate, sodium chloride, Tris, EDTA, magnesium chloride, potassium chloride, calcium chloride, ammonium molybdate, aminonaphthol sulfonic acid (ANSA), trichloroacetic acid (TCA), 5,5′-dithio bis-2-nitrobenzoic acid (DTNB) were either obtained from BDH Ltd. Poole, England or Scharlab S.L. Spain. All reagents and chemicals used were of analytical grade.
Grouping and treatment of experimental animals. Experimental animals were used in accordance with the European Convention for the protection of vertebrate animals used for experimental and other scientific purposes. Thirty albino rats were kept in clean plastic cages and fed with rat feeds and water ad libitum. The rats were randomly divided into five groups (n = 6) following two weeks acclimatization. Group 1 served as negative control and received distilled water only. Group 2 served as positive control and was treated with single dose 2.5 mg/ kg body weight dichlorvos intraperitoneally. Group 3 was treated daily with 0.5mg intramuscular atropine for 7 days following intraperitoneal 2.5 mg/kg body weight dichlorvos while groups 4 and 5 rats were treated daily with 28 mg/kg body weight intramuscular magnesium chloride and 5mg/kg body weight intramuscular gentamicin respectively for 7 days following intraperitoneal 2.5 mg/kg body weight dichlorvos. All the rats were sacrificed at the end of 1 week of treatment. Blood samples were collected by ocular puncture before sacrificing the animals and brain tissues was harvested.
Blood sample preparation. Plasma was obtained after centrifuging 4 ml of blood sample at 3,000 g for 10 min. Red blood cells were washed 3 times with 2 ml sodium phosphate buffer (0.1 M, pH 8). The red blood cells were centrifuged between washes at 3,000 g for 10 min. Packed red blood cells were then diluted by hypotonic sodium phosphate buffer (6.7 mM, pH 7.9) to facilitate hemolysis. This was followed by centrifugation at 3,000 g for 10 min. The supernatant was removed and pellet was resuspended in hypotonic phosphate buffer. The plasma and blood cell ghosts were used to determine total acetylcholinesterase activity.
Preparation of brain homogenate. Brain tissue harvested from each rat was weighed and homogenized in sodium phosphate buffer (tissue: buffer /1:10), centrifuged at 9,000 g for 5 min at 4 °C and supernatant obtained was used for estimation of ATPase activities.
determination of cholinesterase activity. Plasma and erythrocyte acetylcholinesterase activities were estimated using method described by Ellman et al. [13] with little modifications. Acetylcholinesterase activity was calculated using an extinction coefficient of 13.6 mM -1 cm -1 for 5,5′-dithiobis-2-nitrobenzoic acid (DTNB) and expressed as nmol/min/ml. 1 unit = 1 µmol = 1000 nmol.
, where, ΔE -change in OD at 410 nm; V f -final volume of the assay mixture; Δt -time of hydrolysis/ incubation; Σ -Extinction coefficient; V s -volume of DTNB in the assay mixture; d -diameter of cuvette used.
determination of ATPase activities. Total ATPase activity in brain homogenate was measu red by the method of Evans [14] with few modifications. Briefly, 0.1 ml of sample was added to test tube containing 0.1 ml each of 0.1 mM Tris-HCl (pH 7.4), 0.1 mM NaCl, 0.1 mM MgCl 2 , 1.5 mM KCl, 0.1 mM EDTA and 0.1 mM ATP. The mixture was incubated at 37 °C for 20 min. The reaction was arrested after 20 min by the addition of 9 ml of 5% TCA and then centrifuged at 1500 g for 10 min. The liberated inorganic phosphorus (P i ) was estimated in the protein free supernatant at 680 nm [15] . The activity of Na + /K + -dependent ATPase was determined by the method of Bonting [16] . The activity of Ca 2+ -ATPase was assayed according to the method of Hjertan and Pan [17] . The activity of Mg 2+ -ATPase was assayed by the method of Ohinishi et al. [18] .
Statistical analysis. Data obtained were analyzed using One Way Analysis of Variance (SPSS version 20.0). Levene statistic was used for tests of homogeneity of variance. Duncan was used for multiple comparisons and homogenous subsets. Results were considered to be statistically significant with P < 0.05.
results and discussion
The results of our study showed that single dose of intraperitoneal 2.5 mg/kg dichlorvos (DDVP) significantly (P < 0.05) reduced cholineste rase activities in plasma and on red blood cell when compared with respective normal values in plasma and on red blood cell; and treatments with atropine, magne sium chloride and gentamicin signifi cantly (P < 0.05) increased cholinesterase activities to near normal levels. The percentage cholinesterase inhibitions in DDVP only, DDVP + atropine, DDVP + magnesium chloride and DDVP + gentamicin are 43, 16, 25 and 22% in plasma and 16, 9, 10 and 11% on red blood cell respectively (Fig. 1, B and 2, B) . Organophosphates are very toxic and cause acute poisoning more often than other classes of pesticides [19] . Dichlorvos is being used to control pests on the farms and in the house [20] . Self-poisoning from organophosphate pesticide use is an important clinical problem in developing world [5] . Atropine and oximes, the common antidotes being used in managing organophosphate insecticide poisoning, are not effective in some cases [7] . Organophosphorus insecticides inhibit ChE by nucleophilic attack on the active site of the enzyme [7] . Magnesium is a divalent metal which lowers pKa of nucleophiles [11] in solution, and produces charge repulsion between phosphoryl moiety of organophospate and serine-OH group of ChE, increased hydrolysis of acetycholine, reactivation of the enzyme, significant (P < 0.05) increase in the activities and subsequent reduction in percentage inhibition of plasma and red blood cell ChE as observed in this study.
ATPases are groups of membrane-bound enzymes involved in the breaking down of ATP to ADP and free P i . The dephosphrylation is coupled with release of energy needed by the enzyme to drive endergonic reactions. Inhibition of ATPase activities could be an index of toxicity from environmental contaminants [21] . Fig. 3 showed total ATPase, Na + /K + -ATPase, Ca 2+ -ATPase and Mg 2+ -ATPase activities in all the treatment groups. Intraperitoneal 2.5 mg/kg bwt DDVP significantly (P < 0.05) reduced brain ATPases levels while treatments with atropine, magnesium chloride and gentamiicin significantly (P < 0.05) raised brain ATPases to near normal levels . ATPase is a specific feature of the interior part of Na + -K + pump, a carrier membrane protein that pumps sodium ions outward through the cell membrane of all cells and at the same time pumps potassium ions from the outside to the inside. This pump is responsible for establishing a negative electrical voltage inside the cells that maintains resting membrane potential [22] . ATPase is also an important part of Ca 2+ pump. Significant (P < 0.05) inhibition of brain Na + /K + -ATPase by dichlorvos insecticide in this study is responsible for increased intracellular sodium ions, membrane depolarization and muscular twitching among other signs and symptoms of organophosphorus poisoning. Calcium pump requires magnesium for normal export of calcium and keeps intracellular calcium level low [23] .
Fig. 1. Effects of atropine, magnesium chloride and gentamicin on DDVP inhibition of plasma cholinesterase activity (A) and percentage inhibition of plasma cholinesterase by ddVP (B). Values are expressed as mean ± Sd (n = 6). duncan superscripts
Inhibition of this enzyme by dichlorvos causes elevated intracellular calcium [24] , increased exocytosis of acetycholine, and is associated with signs and symptoms of neuropathy seen in organophosphate toxicity [25] .
Mg 2+ is an important co-factor in many enzymes including ATPases [26] . The significant (P < 0.05) increase in the activities of AChE in groups treated with gentamicin and magnesium chloride in this study may be as a result of significant (P < 0.05) increase in the levels Ca 2+ ,Mg 2+ -ATPases. Ca 2+ ,Mg 2+ -pumps decrease intracellular calcium which results in decrease in the rate of acetylcholine release from the cell (12) . Therefore, significant (P < 0.05) inhibition of Ca 2+ ,Mg 2+ -ATPases by dichlorvos might have resulted in increase in intracellular calcium levels, increased acetycholine release and subsequent significant (P < 0.05) increase in percentage inhibition of ChE observed in this study.
The results of our study concluded that dichlorvos toxicity inhibited cholinesterase, sodium/potassium ATPase and calcium/ magnesium ATPase activities. Magnesium chloride and gentamicin on the other hand mitigated effects of dichlorvos poisoning by promoting normal ATPase activities and inhibiting release of acetylcholine from cell. We proposed that both magnesium chloride and gentamicin can be co-administered in future as antidotes to patients with dichlorvos poisoning.
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Acknowledgement and financial support: Authors received no grant for this study. В работе изучали возможное использова-ние гентамицина и хлорида магния как анти-дотов при воздействии пестицида дихлофоса. Тридцать крыс-альбиносов были разделены произвольным образом на 5 групп (n = 6). Жи-вотные в группе 1 (отрицательный контроль) получали только дистиллированную воду. В группе 2 (положительный контроль) животным вводили дихлофос в дозе 2,5 мг/кг массы тела. В группе 3 после введения 2,5 мг/кг дихлофоса вводили 0,5 мг/кг атропина; а в группах 4 и 5 по-сле введения 2,5 мг/кг дихлофоса вводили 28 мг/ кг хлорида магния и 5 мг/кг гентамицина со-ответственно. Определяли активность ацетил-холинэстеразы в плазме крови и эритроцитах, а общую активность АТPазы, Na + /K + -АТPазы, Ca 2+ -АТPазы и Mg 2+ -АТPазы в головном мозгу. Результаты показали значительное (P < 0,05) увеличение активности ацетилхолин эстеразы у крыс после введения атропина, MgCl 2 и гента-мицина по сравнению с крысами, получавшими только дихлофос. Также наблюдали значитель-ное (P < 0,05) увеличение активности Ca
2+
,Mg 2+ -АТPаз, Na + /K + -АТPазы и общей активности АТPазы в мозгу крыс после введения атропина, хлорида магния и гентамицина. Дихлофос зна-чительно (P < 0,05) снижал активность холин-эстеразы в плазме крови и эритроцитах, а также активность АТPаз в головном мозгу. Сделан вы-вод, что дихлофос ингибирует активность хо-линэстеразы, Na + /K + -АТPазы и Ca
,Mg 2+ -АТPаз, тогда как хлорид магния и гентамицин норма-лизуют активность АТPаз и ингибируют высво-бождение ацетилхолина из клетки. На основа-нии полученных результатов мы предполагаем, что хлорид магния и гентамицин можно исполь-зовать как антидот при отравлении дихлофосом. К л ю ч е в ы е с л о в а: дихлофос (DDVP), гентамицин, хлорид магния, ацетилхолинэсте-раза, АТPазы Р-типа.
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